ABSTRACT Background: The left atrial volume index (LAVI) reflects left ventricular (LV) filling pressure and has been shown to predict outcome in various cardiovascular diseases. However, its value for the prediction of mortality in patients referred for suspected heart failure (HF) is unknown. Objective: To assess the value of LAVI for the prediction of mortality independently of clinical, electrocardiographic (ECG) and echocardiographic prognostic parameters in patients with suspected HF referred from the community. Methods: 356 (mean (SD) age 72 (13) years) patients with suspected HF referred from the community were followed up for mortality after undergoing clinical assessment, ECG and echocardiography, including Doppler, to assess LV filling. Results: Data were obtained for 335/356 (94%) patients (162 male, 173 female) over a mean (SD) follow-up period of 30 (10) months, during which 38 (11.3%) died. The univariate predictors for all-cause mortality were age, symptom of leg swelling, clinical signs of HF, abnormal ECG, LV ejection fraction, LAVI, LV end-systolic (LVESD) and diastolic dimension, septal wall thickness and the presence of other significant cardiac abnormalities. The only independent predictors of mortality were age (hazard ratio (HR) = 2.15, 95% CI 1.42 to 3.25, p,0.001), symptom of leg swelling (HR = 2.83, 95% CI 1.43 to 5.59, p = 0.005), LAVI (HR = 1.25, 95% CI 1.01 to 1.54, p = 0.04) and LVESD (HR = 1.32, 95% CI 1.02 to 1.70, p = 0.04). Conclusion: LAVI provided independent information over clinical and other echocardiographic variables for predicting mortality in patients with suspected HF referred from the community.
Heart failure (HF) is a common disabling disease with high mortality and morbidity. It has been observed that among patients referred for suspected HF from the community almost 50% of patients with HF demonstrated normal left ventricular ejection (LVEF). 1 2 Thus, measurement of LVEF alone is likely to underdiagnose HF. Mortality, morbidity and hospitalisation in patients with HF and normal LVEF are similar to those found with reduced LVEF. 3 4 In these patients, many authors have recognised the presence of significant abnormalities of diastolic function. 5 Left atrial (LA) size, particularly the LA volume, has been recognised as a marker of diastolic dysfunction. [6] [7] [8] [9] [10] Contrary to Doppler parameters, LA volume is independent of acute volume load, and therefore can provide a more accurate assessment of the duration and severity of left ventricular (LV) diastolic function. 8 Recently, we and others have shown that LA volume is a powerful predictor of outcome in patients with ischaemic cardiomyopathy. 11 12 Furthermore, we have also previously demonstrated that LA volume indexed (LAVI) to body surface area is a reliable indicator of LV filling pressure in patients presenting with features suggestive of HF but with preserved LVEF. 13 In the United Kingdom, the major source of referral for echocardiography for suspected HF is from the community. There is a paucity of data on the ability of LAVI to predict mortality (robust marker of outcome in HF) in such patients. Therefore, the aim of this study was to evaluate the significance of LAVI in predicting all-cause mortality in patients with suspected HF referred from the community.
PATIENTS AND METHODS Patient selection
Patients who were referred to our community echocardiography service by general practitioners for suspected HF (at least one symptom and/or one sign of HF as stated below) underwent clinical assessment, electrocardiography (ECG) and echocardiography. The symptoms considered were shortness of breath, fatigue or ankle swelling. Clinical signs of HF considered were raised jugular venous pressure, peripheral oedema, hepatomegaly, basal inspiratory crepitation or gallop rhythm. Patients with metastatic cancer or inability to cooperate as a result of mental incapacity such as dementia were excluded. All patients in the study were followed up for mortality. The research ethics committee approved the study.
ECG
An ECG was performed in the general practitioner surgery but was read by hospital doctor. An abnormal ECG was defined as the presence of atrial fibrillation (AF) or flutter, ventricular arrhythmia (ventricular tachycardia or multiple ventricular etopics) intraventricular conduction defects, ST-or T-wave abnormalities, pathological Q wave, paced rhythm or LV hypertrophy (voltage criteria).
Echocardiography
Echocardiographic images were acquired in the standard parasternal and apical views by experienced sonographers using the Cypress (Acuson, Mountain View, California, USA) ultrasound system. LVEF was assessed by a two-dimensional visual estimation method which had been previously validated against quantitative LVEF both by our group and others. 5 14 15 LA volume was calculated using the formula for an ellipsoid 16 :
where D is the LA dimension obtained at end systole from a parasternal long-axis (D 1 ) and apical four-chamber view (horizontal (D 2 ) and anteroposterior measurements (D 3 )). LAVI was calculated as LA volume/body surface area. LV diastole filling pattern was assessed by placing the pulse Doppler sample volume at the tips of the mitral valve leaflets. From the transmitral recording, peak E velocity (peak early transmitral filling velocity during early diastole) and peak A velocity (peak transmitral atrial filling velocity during late diastole) were measured in centimetres per second. Thereafter, the ratio of E and A wave was calculated. Deceleration time of the E wave was also calculated as the time (in milliseconds) between peak E velocity and the point where the extrapolation of the deceleration slope of E velocity crosses the zero baseline.
LV wall thickness was measured as interventricular septal and posterior wall thickness at end diastole, whereas LV dimensions were determined at end systole (LVESD) and diastole (LVEDD) in the parasternal long-or short-axis view. Echocardiographic evidence of LV hypertrophy was defined as either interventricular septal or posterior wall thickness >1.3 cm. 17 Significant valvular heart disease was defined as any evidence of at least moderate aortic stenosis, aortic regurgitation, mitral stenosis and mitral regurgitation (mitral valve disease) based on colour and Doppler echocardiography. Other significant cardiac abnormalities were defined as the presence of significant valvular heart disease or isolated right ventricular dysfunction or isolated raised pulmonary artery pressure >60 mm Hg.
Outcome
Patients were followed up for all-cause mortality. Follow-up data were collected through the Hospital Integrated Customer Services System (Silverlink Software, Newcastle upon Tyne, United Kingdom) and by questionnaires returned from patients, with additional telephone calls or hospital record review to further verify events where appropriate. Follow-up time was calculated from the time of echocardiography to either the event date or to the date of last contact with the patients.
Statistical methods
Results from normally distributed continuous data are shown as mean (SD) and categorical data as percentages (%). Categorical data were analysed by the x 2 test and normally distributed continuous data by the Student t test. The best cut-off points for LAVI and LVESD to predict mortality were derived from the receiver operating characteristic curve. The effects of known prognostic clinical, ECG and echocardiographic variables upon the outcome were examined using Cox proportional hazards regression analysis. Analysis of the data was performed in two stages. Initially, the individual effects of clinical, ECG and echocardiographic variables were examined separately in a series of univariate analyses. Subsequently, the joint effect of the explanatory variables upon the time to mortality was examined in a multivariable analysis. A backwards selection procedure was used to retain only the statistically significant variables. This method involved removing non-significant variables from the analysis, one at a time, until all remaining variables were statistically significant. In addition, Kaplan-Meier curves were generated and the differences between survival distributions were assessed using the log-rank test. A p value of ,0.05 (twosided) was considered significant. Statistical analysis was performed with Analyse-it software for Microsoft excel (version 1.62, Analyse-it Software, Leeds, UK) and Stata statistical software (version 7, StataCorp, USA).
RESULTS Patients
A total of 356 patients with suspected HF, referred by their general practitioner (February 2002 to April 2004) from the community, were evaluated. All patients underwent echocardiography within 14 days of referral. Table 1 shows the baseline characteristics and echocardiographic parameters of the study group. LV systolic dysfunction (LVEF ,50%) was present in 64/ 335 (19%) patients. Moderate-severe mitral valvular disease was present in only 10 (3%) of patients and atrial flutter/fibrillation was found in 43 (13%) of patients. Follow-up data were obtained in 335/356 (94%) patients over a mean (SD) follow-up time of 30 (10) months. A total of 38 (11.3%) patients died. Patients who died were older, more likely to have symptoms of leg swelling and signs of HF, more likely to be receiving a diuretic agent, with higher incidence of abnormal ECG, lower LVEF, larger LVESD, larger LAVI and higher incidence of LV hypertrophy than those who survived. There were no differences in other drug treatment in patients who died compared with those who survived.
Univariable predictors of mortality (table 2)
The univariate predictors for all-cause mortality were age, symptom of leg swelling, clinical signs of HF, abnormal ECG, LVEF, LAVI, LV dimensions, septal wall thickness and the presence of other significant cardiac abnormalities. Increased age was associated with an increased likelihood of mortality at any time. A 10-year increase in age resulted in the hazard of mortality at any time increasing by around 2.8 times. The presence of leg swelling, signs of HF and abnormal ECG were all associated with increased hazard of mortality at any time with a hazard ratio of 2.91, 2.44 and 2.85, respectively. Higher values of LAVI, septal wall thickness, LVESD and LVEDD were associated with a greater hazard of mortality at any time. For example, a 10-unit increase in LAVI increased the hazard of death by 50%, while a 1-unit increase in LV dimension increased the hazard of death by over 60%. Conversely, a 10-unit reduction in LVEF was associated with an increased hazard of death by 30%. Similarly, patients with other significant echocardiographic abnormalities were nearly four times more likely to die than patients without the presence of other significant echocardiographic abnormalities.
Multivariable predictors of mortality (table 3)
On multivariable Cox regression analysis, the independent predictors of mortality were age, symptom of leg swelling, LAVI and LVESD. Clinical signs of HF, abnormal ECG, and other echocardiographic parameters such as LVEF, septal wall thickness and the presence of other significant cardiac abnormalities were not found to have a significant effect upon mortality. A 10-year increase in age resulted in the hazard of death increase by over twofold, whilst the presence of leg swelling increased the hazard of death by almost threefold. Similarly, a 10-unit increase in LAVI was associated with increased hazard of death by 25%, while a 1-unit increase in LVESD resulted in an increased likelihood of death by 32%. After adjusting for patients with AF and mitral valve disease (confounding factors for LA dilatation), LAVI remained an independent predictor of mortality (p = 0.03), in addition to age (p,0.001), leg swelling (p = 0.03), LVESD (p = 0.02) and septal thickness (p = 0.03).
Prediction of mortality by echocardiography (table 4)
The sensitivity and specificity of LVEF ,50% for the prediction of mortality were 40% and 84%, respectively. Using receiver operating characteristic analysis, the best cut-off points for LAVI and LVESD to predict mortality were found to be 20 ml/m 2 (area under the curve = 0.72, p,0.001) and 3 cm (area under the curve = 0.67, p,0.001), respectively, with significantly higher sensitivity but lower specificity than for patients with LVEF ,50%. 2 ) resulted in a sensitivity of 90% and a specificity of 40% for the prediction of mortality. A normal echocardiogram (LVEF >50%, LAVI (20 ml/m 2 , LVESD (3 cm and without the presence of significant valvular heart disease or isolated right ventricular dysfunction or isolated elevated pulmonary artery pressure >60 mm Hg) was present in 117 (35%) and conferred an excellent prognosis with mortality of 2.6% compared with 16% in those without normal echocardiography (p,0.001). Figure 2 demonstrates Kaplan-Meier survival curves for patients with and without normal echocardiography.
Value of LAVI for the prediction of mortality in relation to drug treatment of heart failure LAVI remained a predictor of mortality in patients with (p,0.05) and without (p,0.001) b blocker therapy. While LAVI was a significant predictor of mortality in patients with HF not receiving treatment, no meaningful statistical data could be obtained in those receiving optimal medical treatment because only one patient died in this group.
Mortality in different categories of patients with suspected HF
Among those who demonstrated no objective evidence of LV dysfunction (LVEF >50% and LAVI (20 ml/m 2 ) mortality was only 7 out of 158 (4%). This increased significantly (p,0.001) to 23% (15/64) in systolic HF (LVEF ,50%). Mortality also increased significantly (p = 0.004) to 14% (16/113) in patients with HF but normal LVEF (LAVI .20 ml/m 2 ). However, in the group of patients with systolic HF who did not demonstrate raised LV filling pressure (LAVI (20 ml/m 2 ), mortality was reduced to 10% (1/10), but increased significantly (p,0.001) to Figure 3 demonstrates the Kaplan-Meier survival curves for the above groups. Table 5 illustrates the characteristics of patients with systolic HF versus HF with normal LVEF. HF with normal LVEF was more prevalent, had a greater preponderance of women, demonstrated higher systolic blood pressure, higher prevalence of hypertension but lower prevalence of ischaemic heart disease with smaller LV dimensions and greater LV wall thickness than patients with systolic HF.
DISCUSSION
As far as we know, this is the first study to assess the value of simple measurements of echocardiography for the prediction of mortality relative to known clinical and ECG prognostic markers in patients referred by the general practitioner for echocardiography for suspected HF. The study showed that LAVI, a marker of LV diastolic function, in particular raised LV filling pressure measured by echocardiography, independently predicted survival over and above clinical and ECG variables. This study also demonstrated that LVESD, a marker of LV systolic function, is also an independent measure of survival. In a population where mortality is about 11% over 2.5 years, an abnormal echocardiography which included LAVI and LVESD estimation predicted more than sixfold increase in mortality (16%) compared with a normal echocardiography (2.6%).
A completely normal echocardiogram was present in more than one-third of these patients with suspected HF and almost half of the patients demonstrated no objective evidence of cardiac dysfunction. The study also illustrated that in patients with suspected HF when there was no objective evidence of LV dysfunction mortality was only 4% but increased significantly almost fourfold and sixfold in patients with HF with normal LVEF and systolic HF, respectively. However, the mortality was highest (26%) in patients with systolic HF demonstrating evidence of raised LV filling pressure but reduced dramatically to 10% when there was no evidence of raised LV filling pressure.
Thus, simple, quantitative echocardiographic measures that assessed both systolic and diastolic function can predict survival in patients referred by the general practitioner for suspected HF. LVEF, a marker of LV systolic function, though a strong univariable predictor of mortality was not an independent predictor in our study. It has been previously shown that while a low LVEF 5 18 predicts mortality, a normal LVEF also results in significant mortality in patients with HF. 19 This is similar to our study where patients with normal LVEF had 8% mortality over 2.5 years in a population where the mortality rate is 11%. However, when an additional marker of LV systolic function, like LVESD and diastolic function (LAVI), were assessed, the predictive value for outcome improved. That, addition of other markers of LV systolic function like LVESD provides incremental information about outcome in cardiac patients has been previously demonstrated in patients after acute myocardial infarction. 20 White et al showed that assessment of LV endsystolic volume in each category of LVEF improved prediction of mortality. 20 This is because physiological LV end-systolic parameters are more intimately related to wall stress than LVEF, which is also more load dependent.
A raised LAVI is a recognised marker of diastolic function, 10 in particular a marker of raised LV filling pressure. Since the left atrium communicates with the left ventricle through an open mitral orifice in diastole, increased LV filling pressure raises wall tension and results in LA distension. While two-dimensional LA dimensions are technically easy to measure, LA volume has been proposed as a better index of LA enlargement since LA remodelling is associated with a reduced sphericity, and facilitates LA volume derivation from two-dimensional parameters. 9 21 LA volume represents an integrated assessment of chronic LV filling pressure, negating the need to rely on point Doppler estimates that are subject to loading variation. Furthermore, Doppler estimates do not reliably predict LV filling pressure in patients with normal LVEF. 22 In our population, the majority (76%) had LVEF .50% and none of the Doppler parameters predicted mortality. On the other hand, an extensive body of publications attest to the value of LAVI for both haemodynamic and prognostic assessment in a variety of settings. 11 23-25 However, to date there is a paucity of data about the value of LAVI for predicting mortality in patients referred for echocardiography in patients with suspected HF.
Limitations
LVEF was not assessed quantitatively in this study. This may have reduced the power of LVEF for the prediction of mortality. However, it has been shown in many studies that LVEF assessed qualitatively by experienced observers correlates closely with quantitative LVEF. 5 14 15 Furthermore, in another study group similar to ours, quantitative LVEF did not predict major outcome. 26 The reason why LVEF did not emerge as an independent predictor of outcome in both studies is probably because most of the patients (.75%) had a normal LVEF in these studies which may have reduced the power of the study to assess the predictive value of a low LVEF.
The study was also not powered to assess differences among HF subgroups. LV dimensions were not indexed to body surface area, while LA volume was. This was because according to American and British Society Echocardiography guidelines, LA volume should always be indexed but LV dimensions may not be indexed. 17 27 This is probably because there is a larger variation of LA volume with body surface area than for the LV dimension.
In this study, we did not assess serum B-type natriuretic peptide (BNP) levels, which are now measured routinely in patients with suspected HF. However, we did assess N-terminalproBNP in a subset of these patients (132 patients) and we demonstrated that N-terminal-proBNP and echocardiography, which incorporated LAVI, independently provided outcome information (combined mortality or readmission for HF). 28 Another potential limitation of the study is that the population consisted of patients with mitral valve disease and AF. These conditions may increase LAVI in the absence of increased LV filling pressure. However, in a population which is elderly these patients may well have associated increased LV filling pressure due to underlying myocardial disease. Indeed, these patients constitute a typical group referred by general practitioners for suspected HF. However, LAVI remained an independent predictor of mortality after adjusting for patients with AF and mitral valve disease.
Finally, we did not perform tissue Doppler imaging, which also determines LV filling pressure. Whether the tissue Doppler parameters provide incremental information over and above LAVI is yet to be determined.
Clinical implication
With advancement of ultrasound technology, it is now possible to perform point of care echocardiography with high accuracy compared with standard echocardiography. 14 29 30 LAVI and LVESD can be easily measured. Our study demonstrated that incorporating LAVI and LVESD measurements improves prediction of outcome independent of clinical and other echocardiographic variables.
CONCLUSION
LAVI provided independent information over clinical variables for predicting mortality in patients with suspected HF referred from the community.
